Electroless deposition of palladium thin-films on a surface of microporous ceramic substrate has been used to develop a new class of perm-selective inorganic membrane. In our previous two reports, we presented mathematical models to describe transport of hydrogen the palladiumceramic composite membrane in single-stage permeation cell in cocurrent and countercurrent flow configurations. Analysis shows that the model equations have a singular point. In this report, a method is described how to avoid the singular point in order to solve the model equations numerically. To show the usefulness of the new method, a single-stage gas permeation for a three component system, without chemical reaction under cocurrent flow configuration has been used as an example.
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EXECUTIVE SUMMARY
In recent years, there has been increased interest in developing inorganic and composite membranes for in-situ separation of hydrogen to achieve equilibrium shift in catalytic membrane reactors. In this work, we are currently studying the use of palladium-ceramic membrane in membrane reactor for separation and recovery of hydrogen from a dehydrogenation reaction. In our previous reports we presented models to describe permeation of hydrogen through singlestage palladium-ceramic composite membrane cell. Analysis of the model equations show that there exists a singular point when permeate hydrogen mole fraction equals to reject hydrogen mole fraction. At this condition, the numerical solution fails. To overcome this, a new method is proposed in this report. An example of a cocurrent single-stage permeation cell with three component system, without chemical reaction has been used to demonstrate the usefulness of the proposed new method.
INTRODUCTION
The overall objective of this project is to develop inorganic and composite membranes for in-situ separation of hydrogen and equilibrium shift in catalytic membrane reactors. The specific objectives of this research are to:
1. Design and fabrication of catalytic membrane reactor using thin film palladiumcomposite membrane for dehydrogenation of cyclohexane to benzene 2.
Conduct dehydrogenation reaction experiments to study the equilibrium shifts and hydrogen permeation characteristics 3. Develop a theoretical foundation for equilibrium shifts and hydrogen transport in the membrane reactor
MODEL DEVELOPMENTS
In our previous reports we presented mathematical models to describe transport of hydrogen through palladium-ceramic composite membrane in a single-stage permeation cell using cocurrent and countercurrent flow configurations. Numerical results were compared with experimental permeation data. The results were also presented in recent US DOE sponsored symposium [1] . Analysis of the model equations show that there exist a singular point when the reject composition equals to the permeate composition. At this condition, the numerical scheme fails due to floating point error. A method is proposed to overcome this numerical instability. A cocurrent flow configuration is used as an example to show the usefulness of the new method.
SINGLE-STAGE GAS PERMEATION WITHOUT REACTION
The mathematical formulation for single-stage gas permeation process is based on following assumptions: (a) there are two permeable components a and b , a is more permeable than b , and one non-permeable component i in the system; (b) the permeability of each gas component is the same as that of the pure gas, and is independent of pressure; (c) negligible gas phase concentration gradients exists in the permeation direction; (d) negligible pressure drop in the feed and permeate gas streams; (e) negligible diffusion along the axial flow path; (f) plug flow and ideal gas are assumed for both feed and permeate streams and (g) permeation obeys modified Fick's law. The flow stream and its compositions for co-current flow are shown schematically in Fig. 1 . 
The overall mass and component balances between the inlet and at any arbitrary point along the membrane are given as: 
Combining Eqns. (1) and (2) 
For the special case of no sweep gas on the permeate side, y as can not be specified and must be 
MODEL ANALYSIS FROM THE VIEWPOINT OF STABILITY
Equations (3) and (4) appear to be indeterminate at the singular point: The following procedure can be used to obtain numerical results for the whole range of stage cuts. Generally, an increment, like 10 − n with an integer exponent is used. As the singular point is approached, the numerical method will fail. In that case if one uses a factor 1.1, 1.3, 1.7 etc. with 10 − n , the instability can be avoided. The data reveals that there are some discrepancies around the singular point. This is shown graphically in Figure 3 . The inset of the figure shows the behavior of the function near the singular point.
CONCLUSIONS
From physical point of view, the solution of eqns. 
